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Abstract 
The transformation of anthracene oil into pitch is a feasible procedure for obtaining pitches with binder 
and impregnating characteristics. Moreover, their high aromaticity, total absence of solid particles and 
good fluidity make anthracene oil-based pitches interesting precursors for graphitizable carbon 
materials (e.g., carbon fibres, synthetic graphites). To prepare this kind of material the formation of 
mesophase in necessary during any one of the processing steps. 
This work deals with the preparation of mesophase from anthracene oil derivatives by controlled 
thermal treatment and subsequent sedimentation. Thermal treatment was performed in the 
temperature range of 440-470ºC for different periods of soaking time. During the process, a gaseous 
pressure of 5-10 bars was used to prevent an excessive release of volatiles. By means of this 
procedure, a partially anisotropic pitch was obtained. Afterwards, the mesophase was separated from 
the pyrolyzed pitch by hot sedimentation at atmospheric pressure and subsequent cooling to room 
temperature. The mesophases were characterized by different techniques in order to obtain 
parameters related to their composition, pyrolysis behaviour, structure and spinning or sintering 
capacity. On the basis of the results an appropriate mesophase was selected for the preparation of 
carbon fibres and/or synthetic graphites. 
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INTRODUCTION 
 
It is well known that carbonaceous mesophase has been extensively utilized in a great variety of 
applications, such as manufacturing carbon materials of high density and high strength, catalyst 
carriers, high specific surface-active carbons and battery materials (Brooks, 1965), (Fanjul, 2004). 
Mesophase can be obtained from a variety of sources, coal-tar pitch and petroleum pitch being the 
most common. An alternative source is provided by highly aromatic fractions, such as anthracene oil. 
This product is a low value added distillation fraction of tar, made up of polycyclic aromatic 
hydrocarbons of 3-5 rings, which can be transformed into pitch like products. This polymerization 
can be carried out by air-blowing, giving rise to pitches, which are able to generate mesophase when 
subjected to controlled thermal treatment (Fernandez, A.L., 2000), (Bermejo, 2001) (Metzinger, 
T., 1997). The mesophase obtained from anthracene oil pitches is totally free of solid particles. 
Moreover, the presence of light unreactive compounds in the reaction media favours both hydrogen 
transfer and the regulation of mesophase development, allowing highly thermoplastic condensed 
mesophase to be obtained.  
Herein we report the study of mesophase development from anthracene oil derivatives. Two 
different anthracene oil-based pitches were selected as raw materials. The two pitches were 
pyrolized at temperatures of 440-470 ºC and different soaking times and pressures. The 
mesophases obtained were separated by sedimentation, and characterized by means of the standard 
procedures (elemental analysis, softening point, solubility parameters) and thermogravimetric 
analysis. 
 
EXPERIMENTAL 
 
Two pitches obtained from anthracene oil (AO) by oxidative thermal condensation (P1) and 
subsequent thermal treatment (P2), were used in this study. These pitches were produced by 
Indsutrial Químical del Nalón, S.A.(Fernandez, J.J., 2004). The main characteristics of the parent 
anthracene oil and pitches are summarized in Table 1. 
 
The mesophases were prepared by a sequential process that involves the thermal treatment of the 
pitch and subsequent hot sedimentation. P1 was thermally treated in an autoclave in the temperature 
range of 440-470 ºC for different soaking times and a dynamic gaseous pressure of 5 bar and 
10 L/h of nitrogen flow. P2 was thermally treated in the temperature range of 440-450 ºC for 
different soaking times under a nitrogen flow of 10 L/h but in the absence of pressure. In both cases, 
the mesophase was separated from the isotropic phase by sedimentation at 420 ºC for 1h. The 
mesophases were labelled as M1-T-t and M2-T-t, for P1 and P2, respectively, where T indicates 
the temperature of the treatment and t the soaking time. 
 
The samples were characterized by elemental analysis, solubility parameters, carbon yield (ALCAN 
procedure) and softening point determination. The pyrolysis behaviour of the samples was studied 
by means of thermogravimetric analysis. 
 
 
RESULTS 
 
Characterization of anthracene oil-based pitches P1 and P2.  
 
The elemental analysis of the parent pitches (Table 1) indicates that both samples are similar in 
composition, and mainly composed by carbon, the carbon content of P2 being higher than the 
carbon content of P1. In addition P1 is a liquid sample while P2 exhibits a softening point of 110 ºC. 
P2 shows a toluene insoluble content of 24 wt.% and a carbon yield of 51 wt.% while P1 is 
completely soluble in toluene and shows a carbon yield content of 0 wt.%. These results indicate 
that P2 is more polymerized than P1.  
 
Table 1. Characteristics of anthracene oil (AO) and anthracene oil-based pitches P1 and P2. 
Elemental Analysis (wt.%) 
Sample C H N S O SP 
a CY b TI c 
AO 92.1 5.6 0.9 0.5 0.9 oil 0 0 
P1 91.6 5.4 1.0 0.5 1.5 oil 0 0 
P2 93.3 4.5 1.1 0.5 0.6 110 51 24 
a Softening point, (Mettler, °C). 
b Carbon yield (Alcan, wt.%).  
c Toluene insolubles (wt.%) 
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FIGURE 1:  TG curves of the parent anthracene oil (AO) and pitches P1 and P2. 
 
The thermogravimetric analysis of the parent pitches is shown in Figure 1. The results indicate that 
P2 shows a carbonaceous residue at 1000 ºC of 36 wt. %. In contrast, P1 completely distils at the 
temperature of 400 ºC. These results confirm the more polymerized structure of P2 with respect to 
P1. 
 
Mesophase from the anthracene oil based pitch P2. 
 
The thermal treatment of P2 was carried out at temperatures of 440 and 450 ºC at different soaking 
times (1-5 h). The results are summarized in Table 2.  
As observed, the treatment yields are, in all cases, > 65%. As expected, the mesophase yield 
increases with temperature and soaking time from 7 to 35 wt.% for M2-440-3 and M2-440-5, 
respectively. However, the mesophase M2-450-3, obtained in a 30 wt.% yield, presents a softening 
point of 348 ºC, while the one from M2-440-4 (also obtained in a   30 wt.%) is 244 ºC. Thus, the 
mechanism of mesophase development at both temperatures seems to be different.  
 
Table 2: Main characteristics of mesophases obtained from P2   
Treatment T Y a Sedimentation Mesophase Label MY b  S P c  
440ºC, 3h 74 420 ºC, 1h M2-440-3 7 219 
440ºC, 4h 72 420 ºC, 1h M2-440-4 30 244 
440ºC, 5h 66 420 ºC, 1h M2-440-5 35 >350 
450ºC, 1h 68 420 ºC, 1h M2-450-1 9 276 
450ºC, 3h 67 420 ºC, 1h M2-450-3 29 348 
a Treatment yield (wt.%) 
b Mesophase yield (wt.%) 
  
c Mesophase softening point (ºC)  
 
These results suggest that, by changing the reaction temperature and/or soaking time, the mesophase 
properties can be easily modified.  
 
The pyrolysis behaviour of the mesophases obtained was studied by means of thermogravimetric 
analysis (Figure 2).  
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FIGURE 2:  TG (a) and DTG (b) curves of mesophase obtained from P2. 
 
 
All samples show a carbonaceous residue at 1000 ºC of  > 65 wt.% which is higher than that of the 
parent pitch P2 (35 wt.%, Figure 1). This is in accordance with the higher polymerization degree 
promoted during the thermal treatment. All mesophases shows an initial temperatures of weight loss 
of around 190-230 ºC (Figure 2b). The second temperature of maximal weight loss, at 400-450 
ºC, shifts towards higher temperatures in the mesophases obtained at both, higher temperatures and 
higher soaking times (M2-450-3 and M2-440-4). It is also worthy of mention that, M2-440-5 
shows the highest carbonaceous residue at 1000 ºC (80.6 wt.%), despite of M2-450-3 shows the 
highest temperature of initial weight loss (210 ºC). 
 
 
 
Mesophase from the anthracene oil based pitch P1. 
 
As mentioned before, P1 and  P2 show similar compositions ( Table 1). However, due to the 
completely distillation of P1 at temperatures of ~ 400 ºC (Figure 1), the treatment of this sample is 
carried out under a dynamic pressure of 5 bar. The reaction conditions and results obtained are 
listed in Table 3. As can be seen, the pyrolysis of P1 leads to the formation of mesophase at 
severer conditions than P2 (Table 2). Thus, at 450ºC of temperature and 3 h of reaction time, P2 
has formed 29 wt.% of mesophase, while, under the same experimental conditions, there is no 
mesophase with P1 and a temperature of 460ºC and 3 hours are needed to obtain from P1 the 
same quantity of mesophase. This could be related with the more polymerized structure of P2 with 
respect to P1 (Table 1, Figure 1). It should also be pointed out that the mesophases obtained from 
P1 at lower yields, M1-460-2 and M1-450-3 (obtained respectively in 5-7 wt.%) present higher 
softening points than the mesophases obtained at the same yield from P2. This could be due to the 
mentioned increment in the severity of the treatment needed to obtain mesophase from P1 with 
respect to P2. 
On the other hand, separation of the mesophase in the mesophase/isotropic phase mixture obtained 
at 460 ºC for 3 h and depressurized at room temperature, was not possible because of the 
formation of a liquid product due to the presence of light compounds that remain in liquid state in the 
reaction vessel, at 5 bar and low temperature. 
 
 
 
 
 
 
 
  
Table 3: Main characteristics of mesophases obtained from P1. 
Treatment D T a T Y b Sedimentation Mesophase label MY c  SP d   
440ºC, 3h, 5bar 440 37 420 ºC, 1h - 0 |   
450ºC, 3h, 5bar 450 62 420 ºC, 1h - incipient |   
450ºC, 4h, 5bar 450 43 420 ºC, 1h M1-450-4 7 293  
460ºC, 2h, 5bar 460 25 420 ºC, 1h M1-460-2 5 280  
460ºC, 3h, 5bar 460 57 420 ºC, 1h M1-460-3 25 310  
460ºC, 3h, 5bar 25 70 420 ºC, 1h - - Oil  
470ºC, 2h, 5bar 470 10 420 ºC, 1h M1-470-2 10 348  
a Depressurization temperature (ºC)  
b Treatment  yield (wt.%)   
c Mesophase yield  (wt.%)  
d Mesophase softening point (ºC)  
 
 
The analysis of the mesophases by TG/DTG ( Figure 3) reveals the presence of polymerized 
structures which lead to a carbonaceous residue at 1000 ºC of >70 wt.% in all cases, similar values 
to those of the mesophases obtained from P2. As observed, the mesophases obtained from P1 
show no significant weight loss before 400 ºC (Figure 3b), in contrast with the first peak of maximal 
weight loss centred at ~ 300 ºC in the mesophases from P2 (Figure 2b). It should also be noted 
that the most polymerized mesophase, M1-470-3, presents the lowest temperature of initial weight 
loss. 
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FIGURE 3:  TG (a) and DTG (b) curves of mesophases obtained from P1. 
 
All these results seem to indicate that changes in the reaction conditions promote different changes in 
mesophase compositions, especially when the reaction is carried out under pressure (mesophase 
from P1). In this case, the depressurization step seems to be carefully controlled to produce a 
mesophase with reproducible properties. 
 
 
Optimization of mesophase preparation from anthracene oil pitch P1. 
 
In order to develop a more accurate method to control the characteristic of the mesophases 
obtained from P1, a synthesis method of two steps was developed. This method involves two 
thermal treatments, the first under a pressure of 5bar, to allow the early polymerization of the lightest 
compounds of P1. After controlled depressurization, the second thermal treatment was carried out 
in the absence of pressure, to allow the progression of the polymerization and the formation of 
mesophase. The reaction conditions studied and the results obtained are summarized in Table 4. 
According to our previous results, a temperature of 450 ºC and a soaking time of ~ 3 hours were 
selected as reaction conditions for the first step, to ensure that the mesophase is mainly formed 
during the second step (M1-450-3 mesophase is not formed). 
 
Table 4: Main characteristics of mesophases obtained from P1 in two steps.   
Batch Treatment 1 Treatment 2 TY a Sedimentation MY b SP c 
1 450ºC, 3h, 5bar 450ºC, 3.5h 47 420 ºC, 1h 7 235 
2 450ºC, 3h, 5bar 450ºC, 4h 35 420 ºC, 1h 20 301 
3 450ºC, 3h, 5bar 450ºC, 4.2h 25 420 ºC, 1h 21 327 
4 450ºC, 3h, 5bar 450ºC, 4.5h 20 420 ºC, 1h 20 348 
5 450ºC, 3.2h, 5bar 450ºC, 4h 32 420 ºC, 1h 20 341 
6 450ºC, 3.5h, 5bar 450ºC, 4h 30 420 ºC, 1h 22 >350 
7 450ºC, 3.5h, 5bar 450ºC, 4.5h 19 420 ºC, 1h 19 >350 
a Treatment yield (wt.%)  
b Mesophase yield  (wt.%)     
c Mesophase softening point (ºC)     
 
As observed, all batches yield 19-22 wt.% of mesophase, except when the soaking time during the 
second step (no under pressure) is reduced to below 3.5 hours (batch 1, 7 wt.%). This mesophase, 
however, exhibit interesting plasticity parameters (softening point 235 ºC). When the soaking time is 
increased 0.2 h in the first step (batch 5) or 0.5 h in the second step (batch 4), the mesophases are 
obtained in good yields but with softening points of   350 ºC. Furthermore, an increase in the 
reaction time during the treatment under pressure seems to exert a higher influence over the softening 
point than the same increment during the second step.  
These results are in agreement with the data obtained by the TG/DTG analysis of the mesophases 
(Figure 4).  
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FIGURE 4:  TG curves of mesophases obtained from P1 by a two step-process, in batches 2-7. 
 
 
 
As observed, higher reaction times in one of the two steps, produces more polymerized mesophases 
(the carbonaceous residue at 1000 ºC follows the trends: batch 4> batch 3> batch 2, and batch 7 > 
batch 6 > batch 2). However, an increment in the soaking time in the first step (batches 2, 6 and 7) 
leads to more polymerized species than the same increase in reaction time in the second step ( 
batches 2, 3 and 4).  
All these results seem to suggest that an increment in the reaction time under pressure generates 
more polymerized structures than the same increase in reaction time without pressure. The 
mesophase properties from P1 seem to be more easily controlled by adjusting the operational 
conditions during the second step of the optimized two-step process. 
 
 
CONCLUSIONS 
 
Anthracene oil based pitches ( P1 and P2)  a re  excellent mesophase precursors. P2 is more 
polymerized than P1. As a consequence, the preparation of mesophase from P1 requires the use of 
severer reaction conditions and the use of pressure to obtain similar mesophase yields to those of 
P2. The characteristics of the mesophases obtained are influenced by the reaction conditions, 
especially in the mesophases obtained from P1 under pressure. The optimization of mesophase 
preparation from P1 by a two step process offers the possibility of obtaining large amount of 
mesophase with good properties.  
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